Background: Nasendoscopes are widely used in the outpatient ENT setting. Their reprocessing requires high-level disinfection (HLD). Recently, a wiping procedure using chlorine dioxide (ClO 2 ) has been proposed as an alternative to HLD traditional procedures.
Background
Ear/nose/throat (ENT) diagnostic endoscopes are widely used instruments in the outpatient ENT setting. They are non-lumened heat-sensitive items that come into contact with mucous membranes and are categorised as semi-critical medical devices according to the Spaulding classification. Therefore, as a minimum, they require a disinfection level that should kill or inactivate all microorganisms (vegetative bacteria, mycobacteria, fungi, enveloped and non-enveloped viruses) except large numbers of bacterial spores (Rutala et al., 2004) . In general, such level of disinfection is defined as high-level disinfection (HLD). By entering ENT cavities, nasendoscopes may become soiled and contaminated with blood, body fluids, organic debris and potential pathogenic microorganisms. International guidelines report varying methods for HLD. These guidelines state recommendations on use of manual or automated washer disinfector process (AER), the chemical actives that are capable of achieving HLD, the contact times (CTs) required and outline advantages and disadvantages of each methods (ASGE Ensuring Safety in the Gastrointestinal Endoscopy Unit Task Force et al., 2014; ASGE Quality Assurance in Endoscopy Committee et al., 2011; Bellenhoff et al., 2008; Department of Health, 2016; Systchenko et al., 2016) . In the United Kingdom, the guidelines recommend the use of AER as the 'Standard' method for endoscope decontamination whereas in the United State of America, Germany, France or some Asian countries, both manual and automated methods are accepted to complete the decontamination of endoscopes. Nevertheless, all the guidelines advice against the use of aldehydes because they are tissue fixative and have maximum exposure limits. Irrespective of the method used, all procedures include precleaning, high level disinfection and rinsing steps.
In the last few years, two alternatives to soaking disinfection have emerged: covering a nasendoscope with a disposable sheath and a HLD wiping procedure that utilises chlorine dioxide (ClO 2 ) chemistry (Alvarado et al., 2009; Tzanisakis et al., 2012) . Sterile disposable sheaths physically cover nasendoscopes and protect them from patient contact and contamination. However, the use of sheaths does not rule out the requirement for reprocessing. Indeed, after removing the sheath, the operator has to check its integrity and perform low-level disinfection of the nasendoscope. If the sheath is perforated or torn, a HLD would be required. The other alternative involves a HLD wiping procedure. It is patented under the name Tristel Trio Wipe System® (TTWS) and is carried out in three steps: a cleaning step that uses a pre-cleaning wipe containing an enzymatic detergent, a disinfection step performed with a wipe that contains ClO 2 and a rinsing step which is achieved with a wet sterile wipe. The manufacturer claims that HLD can be achieved in 2-3 min (30 s for bactericidal activity and 2 min for sporicidal activity on Bacillus subtilis). Compared to the soaking procedures, this wiping technique would offer a swift and suitable alternative to disinfect nonlumened endoscopes and would allow a rapid turnaround of the instrument.
ClO 2 is a disinfectant with a wide spectrum of antimicrobial activity. Earlier studies have reported ClO 2 liquid solution as effective HLD for endoscopes (Gilling et al., 2013) . Published data have also reported that wipes containing ClO 2 display mycobactericidal activity according to European Standard EN14563 in 30 s CT with mechanical action and 60 s without mechanical action (Hernandez et al., 2008) . However, very few studies have highlighted the efficacy of TTWS on medical devices like nasendoscopes or ultrasound probes, while many public or scientific health authorities (Cavaliere et al., 2012; Government of Western Australia, 2012; Swift, 2010) worldwide have approved its use in HLD disinfection for non-lumened heat-sensitive medical devices. In this work, we assessed the bactericidal and sporicidal efficacy of a marketed wiping procedure, TTWS, using ClO 2 in the disinfection step, and compared its results to a manual soaking procedure involving PA.
Methods

Detergent and disinfectant products
Tristel Trio Wipes System ® , a disinfecting procedure that is ready-to-use, was provided by (Tristel Solutions Limited, UK). It includes three types of wipes and an activator foam. PA (Anioxyde1000®) and a detergent disinfecting product (AniosymeDD1®) were purchased from the manufacturer (Anios, Hellemmes, France). These products were used according to the manufacturers' instructions for HLD on nasendoscopes.
Bacteria strains
According to European Standards for chemicals used for medical devices disinfection, Escherichia coli 54117, Enterococcus hirae CIP58.55, Pseudomonas aeruginosa CIP 103467, Staphylococcus aureus CIP4.83 and Bacillus subtilis spores CIP52.62 were used as the test organisms. Stock cultures were stored at −80°C prior to testing. To prepare the working culture, the stock cultures were sub-cultured by streaking onto plates and incubated at 37°C ± 1°C. After 20-24 h, a second run of sub-cultures from the first sub-cultures was prepared and incubated in the same way. A third run of sub-cultures (the working cultures) was produced in the same way as the second run.
Test suspensions N
Test suspensions were prepared by suspending the harvested bacteria in diluent (tryptone sodium chloride solution) and homogenising them with sterile glass beads for 5 min. Ten millilitres of distilled water were added, stirred and the suspension left to settle for 10 min. This supernatant fluid was adjusted by spectrophotometer absorbance to obtain a concentration range of 1.5 × 10 9 to 5.0 × 10 9 CFU/ mL. The test suspension was enumerated by performing 10-fold dilutions in diluent up to 10 −7 to 10 −8 , and then cultured onto Trypton Soy Agar (TSA) plates which were incubated at 37 ± 1°C for 20-24 h. One millilitre of each suspension dilution was plated onto TSA plate in duplicate. Test suspension N was used for preparing the validation suspension and the contamination of the nasendoscope.
The disinfectant activity was tested with an organic load by preparing test suspensions in 3 g/L bovine serum albumin (BSA). Freshly prepared test suspensions with organic matter were used as initial inoculum for nasendoscope contamination in all tests and used in a 2-h time period.
Initial contamination of the endoscope (Bioburden)
For each microorganism, the following test was performed in duplicate. Prior to each assay, the nasendoscope underwent a HLD procedure with PA as described in (Immersion disinfection procedure HLD B). In order to determine the bioburden on the nasendoscope (negative control), the insertion tube (24 cm length) of this instrument was introduced into a bacterial suspension of ≃ 2 × 10 9 CFU/mL freshly prepared (respectively ≃ 2 × 10 7 CFU/mL spores of Bacillus subtilis). After 10 min CT, the nasendoscope was removed from the bacterial suspension and left to dry for 10 min at room temperature. Thereafter, the insertion tube was introduced into a sampling tube containing 40 mL of sterile solution (Trypton Soy + 5 g/L sodium thiosulfate) for 10 min CT. Volumes of 1 mL and 0.1 mL were then sampled in duplicate from the insertion tube and transferred into a separate membrane filtration apparatus with 50 mL of distilled water. The membranes were rinsed with 100 mL of sterile water and placed onto TSA plates for incubation at 37 ± 1°C for 24 h. The number of CFU per assay was counted and their average determined.
Wiping disinfection procedure (HLD-A)
The wiping disinfection procedure was performed with TTWS. First, the nasendoscope was wiped with the precleaning wipe to perform the cleaning step. Afterwards, the disinfecting wipe was prepared by applying a double dose of the activator foam onto the wipe. This procedure takes 15 s and mixes the components of the wipe (organic acids, preservatives, buffers and corrosion inhibitor) and the activator (sodium chlorite) to generate 200 ppm of ClO 2 . Immediately, the activated disinfecting wipe was mechanically applied to the surface of the nasendoscope for 30 s and timed with stopwatch. Finally, the nasendoscope was wiped with a sterile wipe in order to remove the remaining ClO 2 . For B. subtilis spores, an additional run using a 2 min contact time between ClO2 and the nasendoscope was performed in order to assess the sporicidal action claimed by the manufacturer.
Soaking disinfection procedure (HLD-B)
The nasendoscope was manually cleaned by immersion in the detergent disinfectant (AniosymeDD1®) for 10 min then rinsed with sterile water. Afterwards, the endoscope was soaked in the PA solution (Anioxyde1000®) for 10 min and finally was rinsed with sterile water to remove the remaining PA.
Assays
After the initial contamination, the insertion tube of the scope underwent either HLD-A or HLD-B. At the end of the rinsing step, the insertion tube was sampled and cultured as described above. The results were expressed as a log 10 reduction of the initial contamination of the nasendoscope (Figure 1) . Each assay has been performed in triplicate.
Interpretation of the results
The results were interpreted according to the European Standards for chemical disinfectants and antiseptics for the medical area where it is stated that bactericidal activity can be claimed when reduction by a factor of at least 10 5 in the initial inoculum has been demonstrated. The sporicidal activity is achieved when the reduction factor recovered is at least greater than 10 4 .
Results
The bacterial concentration of the test suspension for the planktonic bacteria was of 2 × 10 9 to 3 × 10 9 CFU/mL. After the initial contamination, the bacterial burden recovered from the nasendoscope ranged from 1.6 × 10 6 to 4.0 × 10 6 CFU/mL for planktonic strains and from 2.5 × 10 4 to 1.6 × 10 5 CFU/mL for B. subtilis spores.
Following the implementation of either the HLD-A (30 s CT) or HLD-B (10 min CT), the bacterial concentration recovered from the nasendoscope was below 15 CFU/mL (log 10 reduction >5) for the vegetative bacteria while the burden of B. subtilis spores counted 15 CFU/mL on average (log 10 reduction <4). Nevertheless, when the CT with the ClO 2 has reached 2 min, the concentration of B. subtilis spores was reduced to <1 CFU/mL (log 10 reduction >5). The results recovered for each bacterial strain and for each HLD procedure are summarised in Tables 1 and 2.
Discussion
The reprocessing of semi-critical devices requires HLD procedure. The effectiveness of PA in HLD soaking procedures is well recognised. As expected, the procedure involving PA (10 min CT) has resulted in an effective bactericidal action on all planktonic strains tested (log 10 reduction >5) whereas the sporicidal activity has failed (log 10 reduction <4). The wiping procedure involving ClO2 has displayed the same results on both of vegetative bacteria and spores after 30 s CT. Notably, when the CT with ClO 2 was extended to 2 min, the wiping procedure has led to a significant decrease of the burden of B. subtilis spores (log 10 reduction >5); thus the sporicidal activity was highlighted. There are few published studies that evaluate the in vitro bactericidal activity of a wiping procedure involving ClO 2 . Hence, comparison has been difficult to ascertain. In our knowledge, this is the first reported study that used a nasendoscope as an in vitro test carrier in order to assess the sporicidal activity of a HLD wiping procedure. Nevertheless, a valuable study performed according to EN14561 standard (European Committee for standardization (CEN) 2007), where a frosted glass contaminated with Mycobacterium avium has undergone a disinfection with ClO 2 wipe, has already displayed a mycobactericidal activity (log 10 reduction >4) in 30 s CT with mechanical action (Tzanisakis et al., 2012) . These results are consistent with those recorded in the present study despite the difference of the test carriers and the microorganisms.
European Standards for chemicals disinfectants used in medical devices state that a disinfectant is deemed bactericidal (except for mycobacteria) if it passes the following Table 1 . Bactericidal and sporicidal activity of HLD wiping procedure (TTWS) on a contaminated nasendoscope.
Microorganisms
Bacterial burden on the endoscope before decontamination (log 10 initial count) In the EN13727 Standard, the bactericidal activity is performed on liquid disinfectants such as glutaraldehyde or PA. Therefore, this standard was not suitable to assess a wiping disinfection procedure without a significant modification of the test protocol. In the EN14561 standard, the bactericidal effectiveness is assessed on a sterile frosted glass carrier which is inoculated, on a surface of 1 cm 2 with 50 µL of a bacterial suspension (10 8 CFU/mL), and left to dry before the test. Briefly, the contaminated glass carrier is immersed into a sample of the disinfectant. After the CT, the carrier is transferred into a neutralizer containing glass beads. The remained bacteria are recovered from the carrier surface by shaking. The numbers of surviving bacteria are determined and the reduction is calculated. If the log 10 reduction is >5 for P. aeruginosa ATCC15442, S. aureus ATCC 6538 and E. hirae ATCC10541, the chemical product is regarded to be bactericidal for disinfectants of medical devices.
Compared to the European Standards where the assays are performed on the chemical disinfectant only, our assays have been carried out on the full HLD procedures including cleaning, disinfecting and rinsing steps, as it is performed in the clinical setting. Furthermore, working on a nasendoscope as a carrier test, has allowed to work on a real material and over a large surface (27 cm 2 ), which is close to real-life conditions. As the HLD-B method is recognised as effective to disinfect semi-critical devices like endoscopes or ultrasound probes, it has been used as positive control in this experiment. Before each assay and with each strain, the bioburden on the nasendoscope was determined according to the EN14561 standard. However, the instrument was not shaken with glass beads in order to avoid its damage. The concentration of vegetative bacteria recovered from the nasendoscope exceeded 10 6 CFU/mL (respective recovery of 10 4 CFU/mL for B. subtilis spores). These two contamination levels have allowed us to interpret the trial results according to European Standard specification for both bactericidal and sporicidal activity.
The results of the present study suggest that TTWS using ClO 2 as disinfectant achieves HLD in a shorter time than other soaking procedures. A prospective single-blind study has already reported the effectiveness of TTWS on nasendoscopes where the samples were free of bacteria, fungi and mycobacteria after the wiping procedure implemented (Tzanisakis et al., 2012) . Nevertheless, further clinical studies are needed in order to confirm the effectiveness of such a wiping procedure in the decontamination of nasendoscopes in the clinical setting.
